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Abstract
Aim: The study aims to assess the efficiency of deep machine learning (convolutional neural network architecture) for the diagnosis of psammomatous menin-
gioma by evaluating the digital pathology images.
Materials and Methods: A total of three hundred and twenty (320) digital images have been acquired from the anonymized hematoxylin and eosin-stained 
slides, which included 161 images of Psammomatous Meningioma and 159 images of normal intracranial tissue. The dataset was divided into a train set, 
80% of the entire data, and 20% into the test data set. ResNet-18 architecture (state of the art deep learning computer vision algorithms) is used to diagnose 
these cases.
Results: A total of 161 images of psammomatous meningioma and 159 images of normal tissue are used; 80% of the collected data was used for training, 
where 20% for testing purposes. Using deep learning, we achieved 98.79 F1-Score and 98.4% accuracy. 
Discussion: The advancement in the field of artificial intelligence has opened a lot of new channels and generated new opportunities to develop computer-aided 
diagnostic systems. The applications of machine learning have revealed promising results for the histopathological evaluation of neoplastic lesions. In the 
present study, the excellent diagnostic accuracy (98.4 %) has been achieved with the convolutional neural network architecture. There was an F1-score of 98.79 
for the diagnosis of psammomatous meningioma in the present series. The studies conducted for the diagnosis of breast cancer metastasis, lung carcinoma, 
prostatic malignant tumors, and basal cell carcinoma also revealed excellent results. 
Convolutional neural network (CNN) architecture is emerging as a quite efficient deep machine learning tool for the analysis of the pathology images. This 
technology may be quite a valuable adjunct tool in diagnostic surgical pathology.
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Introduction
Among the primary intracranial neoplasms, meningiomas are 
the most frequent type of tumors [1-2]. Meningiomas are 
more common in females as compared to males [3]. However, 
the research data has revealed that the risk of death due to 
meningioma is lower in female patients than in male patients 
[4]. A rising trend in the incidence of meningioma has been 
observed over the past few years in many countries, which 
may be attributed to the increasing aged population and 
better availability of diagnostic and health facilities [5]. The 
risk factors of meningioma include ethnicity, history of allergy, 
gender, family history, genetic polymorphism, ionizing radiation, 
nutrition, and reproductive history. Some of these factors may 
also be a contributing factor in the increase in the incidence 
of these tumors [5].  The majority of meningiomas fall in the 
category of grade 1[6-7].  
The histological variants of grade 1 meningioma are transitional, 
meningothelial, psammomatous, fibrous, microcystic, secretory, 
lymphoplasmacyte rich, angiomatous, and metaplastic [1].  
The psammomatous meningioma is characterized by the 
presence of psammoma bodies, which are calcified masses. 
In certain tumors, the psammoma bodies are numerous, and 
the intervening meningothelial cells are less in quantity. The 
presence of characteristic calcified structure (psammoma 
bodies) makes the diagnosis of this subtype of meningioma 
relatively easy. Because of this characteristic visual pattern of 
this lesion, it would be essential to develop computer vision-
based programs to diagnose such type of lesion to assist the 
health professionals in patient care. 
The histopathological assessment of the biopsy specimen is 
vital for the conclusive diagnosis of tumors, which includes 
the fixation, processing, cutting, staining, and microscopic 
examination of the tissue sections. The histological assessment 
of tissue sections requires a lot of expertise in the field of 
histopathology.  The increasing number of tumor biopsies 
with relatively less availability of consultant histopathologists 
requires assistance from artificial intelligence. The digitalization 
of pathology slides has made it easier to apply deep machine 
learning technology, particularly CNN, for the histopathological 
evaluation of digital images of various lesions. 
The main aim of the present research project is to assess 
the efficiency of CNN for the diagnosis of psammomatous 
meningioma.

Material and Methods
This study has been conducted after getting ethical approval 
from the University of Lahore - Islamabad Campus. A total of 
three hundred and twenty (320) digital anonymized images 
have been acquired from the anonymized slides stained with 
hematoxylin and eosin stain, which included 161 images of 
Psammomatous Meningioma and 159 images of normal 
intracranial tissue. The dataset was divided into a train set, 
80% of the entire data, and 20% into the test data set.
We have used ResNet-18 architectures. We used the transfer 
learning approach; the pre-trained ResNet18 on ImageNet data 
set [8] was used to avoid the limitation of the small dataset we 
manage to obtain. A total of 161 images of Meningioma and 
159 images of normal tissue were used. These images have 

been reviewed and labeled by two histopathologists. 
A random approach of FastAI API is used to load the data into 
train and test sets to avoid the chances of images of the same 
class been selected for a mini-batch input that can harm the 
performance of model validation. The entire dataset has been 
split into training and test sets. For training, 80% of the entire 
dataset was used, where for testing, 20% of the total dataset 
was used. For image, we used data augmentation for regulation.

Results
A total of three hundred and twenty (320) images were collected; 
one hundred and sixty-one images (161) of Meningioma and 
One hundred and fifty-nine (159) images of normal tissue. Two 
hundred and fifty-six (256) images were randomly chosen from 
both Meningioma and normal tissue images, 80% of the total 
data set and were employed for training data set. While sixty-
four (64) images were randomly chosen from both Meningioma 
and normal tissue images, 20% of the data set was employed in 
the test data set.  ResNet -18 architecture was used to classify 
the input image. Accuracy of 98.4 % and F1-score of 98.79 
were obtained on the entire data set. ResNet implementation 
of FastAPI was used, on intel-i5 PC with RTX-2070 GPU. 

Discussion
The accurate and rapid diagnosis of tumors plays a significant 
role in the management of patients suffering from neoplastic 
lesions.  The conclusive diagnosis depends upon the critical 
and meticulously evaluation of biopsies from the tumors, which 
involves the critical step of microscopic examination. Based on 
characteristic microscopic features, the histopathologists make 
a critical decision regarding the diagnosis of these tumors. Any 
judgmental or interpretational error in the histopathology may 
reveal disastrous results in patient health care and may also 
result in litigations. The exhaustive and extensive work causes 
fatigability, which may be a significant cause of human errors. 
The rising trend in the prevalence of tumors is expected to 
contribute to the chance of errors to be more, which would be a 

horizontal_flip True

vertical_flip False

max_rotate 10.0

max_zoom 1.1

max_lighting 0.2

max_warp 0.2

p_affine 0.75

p_lighting 0.75

Image Size 224

Normalize Normalize using ImageNet

Table 1. Parameters for image augmentation

Train Data

Algorithm Precision Recall F-1 Score

ResNet-18 0.992 0.992 0.992

Test Data

Algorithm Precision Recall F-1 Score

ResNet-18 1.0 0.967 0.983

Table 2. Detailed results of train and test data set
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significant challenge in the near future.  The automation and 
computer-aided systems with the help of artificial intelligence 
algorithms may help reduce the burden of histopathological 
evaluation of biopsies as these may reduce the chance of human 
errors due to fatigability and may also improve the speed of 
decision-making process.  In the present decade, deep learning 
technology has made it possible to make computer-aided 
systems that could assist in the histopathological assessment 
of biopsy specimens.    
The availability of high-resolution image data of various 
pathological lesions, including malignancies, has made it 
possible to develop machine learning algorithms based on 
characteristics and distinguishing features and pattern of 
neoplastic lesions by extracting these features.
The progressive growth in the computational pathology with 
the advancement in artificial intelligence has paved the way for 
a more precise and better assessment of features present in the 
images for categorization, classification, and diagnosis.  One 
of the critical subsets of artificial intelligence is deep machine 
learning.  In deep learning technology, the convolutional neural 
network (CNN) architecture is commonly used to analyze digital 
images [9].  There are three main components of a convolutional 
neural network. It includes the input layer along with a large 
number of hidden layers, and the third component consists of 
the output layer [10]. 
The present study performed on the digital histopathological 
images for the diagnosis of psammomatous meningioma by 
applying convolutional neural network architecture revealed the 
diagnostic accuracy of 98.4 % and F1-score of 98.79.  A closely 
similar diagnostic accuracy has been observed in the studies 
conducted for the diagnosis of breast cancer metastasis, 
lung carcinoma, prostatic malignant tumors, and basal cell 
carcinoma [11-13]. 
The deep machine learning technique is yielding promising 
results for the diagnosis of different types of cancers. 
The development of such tools will be a great help to the 
histopathologists in rendering better diagnostic services, which 
has got paramount importance in the healthcare system.  The 
computational histopathology will reduce the chance of inter-
observer discrepancies and improve diagnostic laboratories’ 
efficiency by decreasing the time of the biopsies for the final 
diagnosis.  The application of computer vision-based programs 
for the diagnosis of malignancies will also reduce the chance 
of human errors due to fatigability. The diagnostic errors in 
pathology have an impact on patient care prognosis [14]. With 
the help of artificial intelligence, the mistakes can be reduced 
in the laboratory. In the near future, the application of machine 
learning (artificial intelligence) may be able to play a more 
influential role in health care and the capability to transform 
patient care [15].   
Further research is recommended for the assessment of 
deep machine learning as a useful adjunct tool for the 
histopathological diagnosis of various types of neoplastic 
lesions.  
Conclusion:  The application of deep machine learning as a tool 
for the analysis of the pathology images has been emerging as 
an efficient technique. This technology may be quite a valuable 
adjunct tool in the diagnostic surgical pathology.

Figure 1. Data bunch generated by FastAI API to show that it 
loaded the images and labelled correctly

Figure 2(a). Confusion Matrix of training data 

Figure 2(b). Confusion Matrix of test data
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